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This allows a vertical structure to be calculated with a crust and a fluid core. A more detailed 41 review of existing models can be found in Hidaka et al. (2005) . The smoothed particle 42 hydrodynamics is a promising approach that is starting to be applied to lava flow simulation 43 (e.g. Hérault et al. 2011 ).
44
For hazard assessment, observatories and public authorities need user-friendly tools to predict 45 the emplacement of the lava both sufficiently accurately and relatively rapidly. Some models 46 are not available, others are too simple to be used for hazard assessment, while the more 47 complex models require powerful computing resources and calculation times which are longer 48 than the emplacement times of real flows (e.g. Hidaka et al. 2005 Kelfoun et al. 2008; Kelfoun et al. 2009; Kelfoun et al. 2010; Giachetti et al. 2011; 53 Charbonnier et al. 2013) . The aim of this chapter is to present the VolcFlow code, which is 54 used in two other chapters of this book, and to discuss its limitations and possible evolution 55 for the simulation of lava flows. We show that the simple isothermal approach of VolcFlow 56 can accurately reproduce -at least for the case studied -the lava flow emplacement.
58

Model
59
VolcFlow uses a topography-linked coordinate system, with x and y parallel to the local 60 ground surface. The flow is simulated by a depth-averaged approach that solves mass (eq. 1)
61
and momentum (eqs. 2, 3) balance equations:
The variable h is the flow thickness, perpendicular to the topography, becomes too thin to be simulated. The resisting stress exerted by a Bingham flow is given by:
where  is the dynamic viscosity (in Pa s). Rewritten in a depth-averaged form compatible 92 with equations (2) and (3), equation (4) The equations are solved using a shock-capturing numerical method based on a double and the topography. Each pixel of the lava flow can then be located on the volcano (Fig. 2) .
140
The resolution of the thermal camera is relatively low (320x240) and the precision of the lava 141 front location on the volcano ranges between 40-65 m depending on the topographic slope 142 and the distance from the camera. The error is represented on Fig. 3 and is small relative to 143 the 1.8 km extension of the lava. rest is simulated accurately (< 10 m) even if the lava front is located 100 m to the east of the 160 real front (Fig. 3B) , due to small variations in the topography that are not captured by the 161 DEM used. The flow front velocity, the time lava stopped moving and the thickness of the model are all also compatible with the observations (Fig. 3A and B) . The area covered by the 163 simulated lava is generally compatible with reality but differs of about 100m close to the lava 164 front and in the middle of the southwest edge (Fig. 3B) .
165
To illustrate the sensitivity of the model to the rheological parameters used, Figure However, it should be stressed that the lava studied was emplaced during a relatively short Charbonnier, S. J., Germa, A., Connor, C.B., Gertisser, R., Preece, K., Komorowski, J.-C., at rest.
